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1 H NMR were determined by standard methods. Infra red (IR) spectra were recorded on FTIR Bruker ATR instrument and were recorded in cm -1 . 1 H and 13 C nuclear magnetic resonance ( 1 H and 13 C NMR) spectra were determined using a Bruker
Avance II 400 NMR spectrometer in appropriate deuterated solvents and are expressed in parts per million (δ, ppm) downfield from the internal standard TMS. NMR data are provided with multiplicity (s, singlet; d, doublet; t, triplet; m, multiplet) and number of protons. Mass spectra were taken on Bruker Compass Data Analysis 4.0 Mass spectrometer.
General procedure for the synthesis of esters of p-coumaric acid (1, 11, 17-22,

25-26)
For preparation of p-coumaric acid chloride, thionyl chloride (0.3 mol) was added gradually to p-coumaric acid (0.25 mol) in a round bottom flask. After addition of thionyl chloride, the mixture was stirred for 4 h and heated to 80 0 C for 30 min in water bath. The excess of thionyl chloride was removed by distillation.
A solution of 8-hydroxy quinoline (0.05 mol) in ether (50 mL) was added to a solution of p-coumaric acid (0.05 mol) in ether (50 mL). The mixture was heated on water bath until no further evolution of hydrogen chloride was observed and completion of reaction was checked by single spot TLC. The mixture was cooled to room temperature and evaporation of solvent yielded the crude product which was purified by recrystallization with alcohol.
General procedure for the synthesis of amides/anilides of p-coumaric acid
The solution of corresponding amine/aniline (0.1 mol) in ether (50mL) was added drop wise to a solution of p-coumaric acid chloride (0.1 mol) in ether (50 mL) maintained at 0-10 0 C temperature. The solution was stirred for 30 min and the precipitated amide was
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separated by filtration. The crude amide was recrystallized with alcohol. In case of anilides, the precipitated crude anilide was treated with 5% hydrochloric acid, 4% sodium carbonate and water to remove residual aniline and the resultant anilide was recrystallized with alcohol.
General procedure for the synthesis of esters of p-coumaric acid (10, 23 and 24)
A mixture of p-coumaric acid (0.08 mol) and appropriate alcohol (0.74 mol) was heated under reflux in presence of sulphuric acid till the completion of reaction which was checked by single spot TLC. Then, the reaction mixture was poured in 200 mL ice cold water, neutralized with sodium bicarbonate solution followed by extraction of ester with ether (50 mL). The ether layer was separated, which on evaporation yielded the ester derivatives of p-coumaric acid.
In vitro antimicrobial activity
The antimicrobial activity of the synthesized compounds was tested against Grampositive bacteria: Staphylococcus aureus MTCC 2901, Bacillus subtilis MTCC 2063, Gram negative bacterium: Escherichia coli MTCC 1652 and fungal strains: Candida albicans MTCC 227 and Aspergillus niger MTCC 8189 using tube dilution method (Cappucino et al., 1999) . Dilutions of test and standard compounds were prepared in double strength nutrient broth-I.P. (bacteria) or Sabouraud dextrose broth I.P. (fungi) (Pharmacopoeia of India., 2007) . The samples were incubated at 37 ºC for 24 h (bacteria), at 25 ºC for 7 d (A. niger), and at 37 ºC for 48 h (C. albicans), and the results were recorded in terms of minimum inhibitory concentration (MIC).
QSAR Studies
The structures of p-coumaric acid derivatives were first pre-optimized with the Molecular Mechanics Force Field (MM + ) procedure included in Hyperchem 6.03 (Hyperchem 6.0, 1993) and the resulting geometries were further refined by means of the semiempirical method PM3 (Parametric Method-3). A gradient norm limit of 0.01 kcal/A˚ for the geometry optimization was chosen. The lowest energy structure was used for each molecule to calculate physicochemical properties using TSAR 3.3 software for Windows (TSAR 3D Version 3.3, 2000) . Further, the regression analysis was performed using the SPSS software package (SPSS for Windows, 1999). 
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In vitro antimicrobial activity
The synthesized p-coumaric acid derivatives were evaluated for their in vitro antibacterial activity against S. aureus, B. subtilis, E. coli and antifungal activity against C. albicans and A.
niger by tube dilution method. From the recorded pMIC values (Table 2) , it was observed that compounds 17 and 30 were found to be most active against S. aureus having pMIC sa value 1.67 µM/ml. Compound 31 was found to be most potent against B. subtilis having pMIC bs value 2.01 µM/ml. Compounds 6 and 29 were found to be most active against E.
coli, and pMIC ec value 1.71 and 1.70 µM/ml respectively. In case of antifungal activity against C. albicans and A. niger, compound 17 was found to be most active antifungal agent having pMIC ca and pMIC an values 1.67 and 1.97 µM/ml respectively. Compound 17 was also found to be the most potent antimicrobial agent having pMIC am value 1.73 µM/ml.
In general, the results of MBC/MFC studies ( 
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Structure activity relationship
From the antimicrobial activity results of the synthesized p-coumaric acid derivatives, the following structure activity relationship can be withdrawn: 
 In case of antibacterial activity of p-coumaric acid derivatives against E. coli,
anlides having electron withdrawing substituents on phenyl nucleus (6) and amides having bulky aromatic substituents (29, having diphenyl) were found to be the most potent antibacterial agents. The high antibacterial activity of compounds having bulky aromatic substituents is in accordance with the results of Mahiwal et al. (2012) .
 Results of antifungal activity of p-coumaric acid derivatives against C.
albicans and A. niger indicated that ester derivative synthesized using 8-hydroxy quinoline (17) was found to be the most potent one. The high antifungal activity of 8-hydroxy quinoline ester is supported by findings of Sarova et al. (2011) .
From the above mentioned antimicrobial activity results, it can be concluded that different structural requirements are necessary for different p-coumaric acid derivatives to become active against different microbial targets. This is in accordance with the results obtained by Sortino et al. (2007) .
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The abovementioned findings are summarized in Fig. 1 
Fig. 1. Structure activity relationship of synthesized compounds of p-coumaric acid
QSAR Studies
In order to identify the substituent effect on the antimicrobial activity, quantitative structure activity relationship (QSAR) study was undertaken, using linear free energy relationship model (LFER) (Hansch and Fujita, 1964) . Biological activity data determined as MIC values was first transformed into pMIC values (i.e. -log MIC) and used as dependent variable in QSAR study. The different molecular descriptors (independent variables) selected for the present study are listed in Table 4 . The values of selected molecular descriptors used in the QSAR study are presented in Table 5 .
Earlier studies (Kumar et al., 2012 , Judge et al., 2012 Narang et al., 2012 a,b) indicated that the multi-target QSAR (mt-QSAR) models are better than one-target QSAR (ot-QSAR) models in describing the antimicrobial activity. So, in the present study muti-target QSAR models have been developed to describe the antimicrobial activity of synthesized p-coumaric acid derivatives.
According to the ot-QSAR models, one should use five different equations with different errors to predict the activity of a new compound against five microbial species. However,
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very recently the interest has been increased in the development of multi-target QSAR (mt-QSAR) models. As opposed to ot-QSAR, the mt-QSAR model is a single In order to develop mt-QSAR models, initially the average antibacterial, antifungal and antimicrobial activities of p-coumaric acid derivatives were calculated, which are presented in Table 2 .
During the regression analysis studies compounds 1, 17, 30 and 32 were designated as outliers and were not involved in the data set for QSAR model generation. In multivariate statistics, it is common to define three types of outliers (Furusjo et al., 2006) . 2. X outliers are substances whose molecular descriptors do not lie in the same range as the (rest of the) training data.
Y outliers are only defined for training or test samples. They are substances
for which the reference value of response is invalid.
As there was no difference in the activity (Table 2) as well as the molecular descriptor range (Table 5 ) of these outliers when compared to the other p-coumaric acid derivatives, these outliers belong to the category of Y outliers (Substances for which the reference value of response is invalid) (Furusjo et al., 2006) .
Preliminary analysis was carried out in terms of correlation analysis. A correlation matrix constructed for antibacterial activity of the synthesized compounds is presented in Table 6 . In general, high colinearity (r > 0.5) was observed between different parameters. The high interrelationship was observed between topological parameters, Wiener index and first order molecular connectivity index ( 1 ) (r = 0.987) and low interrelationship was observed between electronic parameter, energy of highest occupied molecular orbital (HOMO) and topological parameter, first order molecular connectivity index ( 1 ) (r = -0.023). Correlation of calculated molecular descriptors with antibacterial, antifungal and antimicrobial activities is presented in Table 7 .
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Development and evaluation of novel preservatives from simple organic acids 93 The structural effects on variations in antibacterial activity of the synthesized p-coumaric acid derivatives in terms of pMIC ab were examined by regression analysis with molecular parameters shown in Table 5 . For antibacterial activity of p-coumaric acid derivatives, Eq. 1 was derived as that of the best quality using the topological parameter, first order molecular connectivity index ( 1 , r = 0. 753, 
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Where V i and V j are the degrees of adjacent vertices i and j and n is the number of vertices in a hydrogen suppressed molecular structure (Lather and Madan, 2005) . The
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The QSAR model expressed by Eq. 1 was cross validated by its high q 2 value (q 2 = 0.508) obtained by leave one out (LOO) method. The value of q 2 greater than 0.5 is the basic requirement for qualifying a QSAR model to be valid one (Golbraikh and Tropsha, 2002) . As the observed and predicted antibacterial activity values are close to each other ( 3) indicated that there was no systemic error in model development as the propagation of error was observed on both sides of zero (Kumar et al., 2007) .
Results of correlation of calculated molecular descriptors with antifungal activity of synthesized compounds (Table 7) indicated that electronic parameter, electronic energy (Ee) was most dominating descriptor for antifungal activity of synthesized compounds. So, QSAR model for antifungal activity of synthesized p-coumaric acid derivatives was developed by using the electronic parameter, electronic energy (Ee) (r = 0.654, 2) is therefore a valid one.
The mt-QSAR model of antimicrobial activity (Eq. 3) depicted the importance of topological parameter, Wiener index (W) in describing antimicrobial activity of synthesized compounds (Table 7) .
Observed pMICam As in case of antibacterial activity, cofficient of W in Eq. 3 is positive which indicates that antimicrobial activity of synthesized compounds is positively correlated to Wiener index (W) i.e. antimicrobial activity of synthesized compounds will increase with increase in value of W. This is evidenced by the antimicrobial activity data of synthesized compounds (Table 2) and their W values (Table 5) .
Wiener index W=W(G) of G is defined as the half sum of the elements of the distance matrix.
where (Dij)is the ijth element of the distance matrix which denotes the shortest graphtheoretical distance between sites i and j of G (Wiener, 1947) . The QSAR models expressed by Eq. 3 was cross validated by its high q 2 values (q 2 = 0.635) obtained by leave one out (LOO) method. The value of q 2 greater than 0.5 is the basic requirement for qualifying a QSAR model to be valid one (Golbraikh and Tropsha, 2002) . As the observed and predicted antimicrobial activity values are close to each other (Table 8) , the mt-QSAR models for antimicrobial activity (Eq. 3) is a valid one. The plot of predicted pMIC am against observed pMIC am (Fig. 4) also favours the developed model expressed by Eq. 3. Further, the plot of observed pMIC am vs residual pMIC am (Fig. 5) indicated that there was no systemic error in model development as the propagation of error was observed on both sides of zero (Kumar et al., 2007) . Further, high residual values (Table   8 ) observed in case of outliers also justified their removal before the development of QSAR models. Generally for QSAR studies, the biological activities of compounds should span 2-3 orders of magnitude. But in the present study the range of antimicrobial activities of the synthesized compounds are within one order of magnitude. This is in accordance with results suggested by Bajaj et al. who stated that the reliability of the QSAR model lies in its predictive ability even though the activity data are in the narrow range (Bajaj et al., 2005) . When biological activity data lies in the narrow range, the presence of minimum standard deviation of the biological activity justifies its use in QSAR studies 
